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Methods 
Cognitive testing battery 
The cognitive testing battery was designed to investigate different types of memory function 
(semantic, episodic and working memory) and attention. In addition to the main battery 
described below, we included the Raven’s Progressive Matrices (E1) as a measure of general 
intelligence and non-verbal reasoning and the Pyramids and Palm Trees (E2) to ensure that 
any deficit found in the semantic memory tests could not be attributed to a general deficit in 
the ability to form semantic relations between items. All tests were administered according to 
standard test protocols.  
 
Tests of semantic memory 
 Semantic Fluency: Participants generated as many words as they could in 1 minute within 
each of 8 categories (animals, fruit, birds, breeds of dog, household items, tools, vehicles and 
types of boat). Scores were the total number of words generated across the 8 categories.  
 
Phonemic Fluency: Participants generated as many words as they could in 1 minute beginning 
with the letters F, A and S respectively. Proper nouns, repetitions and use of the same word in 
different tenses were not scored. 
 
Graded Naming (E3): Participants were shown pictures of increasingly less common items 
and asked the question “what is this?”. If the patient had obviously misinterpreted the item, 
they were asked look at it again and the salient features were pointed out to them.  
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Tests of Episodic Memory 
Logical Memory: Patients were read a short story followed by an immediate free recall. This 
procedure was then repeated for a second story. The second story was administered twice, 
with free recall following each administration as per the standard protocol for this test (E4). 
The sum of the 3 free recall scores constituted the immediate recall score. Following a 35-
minute filled delay, participants were asked to recall the two stories, providing as much detail 
as they could remember. The sum of the recall scores of the two stories constituted the 
delayed recall score. A measure of forgetting was obtained by expressing the delayed recall 
score as a percentage of the immediate recall score [delayed recall total score / (immediate 
recall story A + second recall story B) x 100]. Recognition memory was examined 
immediately following delayed free recall with a series of questions about the two stories, 
requiring the participant to answer yes or no. 
 
Rey-Osterrieth Complex Figure: Participants were asked to produce a free hand copy of a 
complex line drawing (E5) and to reproduce it from memory after 45 minutes. Participants 
were not told that they would need to remember the drawing. In order to account for 
differential levels of attention during encoding, recall scores were expressed as a percentage 
of the copy score on this test.  
 
Paired Associate Learning (E6): This was a computerised test of spatial episodic learning and 
memory. Participants viewed a screen in containing an array of 6 white boxes, which 
‘opened’ randomly to reveal a pattern. After they had seen the contents of all of the boxes, 
participants were asked which box contained each of the patterns, which were tested in a 
random order. If the participant incorrectly identified the location of one or more patterns in 
the array, they were told that the computer would remind them of where the patterns really 
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were, but they were given no feedback about where the errors occurred. Participants were 
allowed up to 10 trials to learn the locations of the patterns at each level and were required to 
correctly identify the location of every pattern prior to proceeding to the next level. The 
number of patterns which participants were required to learn the location of was gradually 
increased beginning with one pattern to remember (levels 1 and 2), then 2 patterns (levels 3 
and 4), 3 patterns (levels 5 and 6) and finally 6 and then 8 patterns (levels 7 and 8 
respectively). 
 
Source Memory: Memory for source is a deeper level of memory than simply a feeling that 
something is familiar and involves a full recollection of the item and when it was first 
encountered. In order to assess this, we used a pictorial Source Memory test (E7). Two sets of 
30 pictures of everyday items were presented, at a rate of 1 every 3 seconds and participants 
were asked to name the items and to remember their set. There was a 10-minute delay 
between presentation of the first and second sets, which was filled with non-pictorial tests. 
Memory for source was tested 10 minutes after presentation of the second set of pictures, with 
a third set of pictures, containing all of the pictures seen in the first 2 sets and an additional 60 
novel pictures. Participants were asked to say whether each picture was in the first or second 
set that they saw, or if they had not seen it. Participants obtained a score out of 60 for the 
number of pictures assigned to the correct set and a second score out of 60 for the number of 
novel items correctly recognised as such. This allowed distinction between simple recognition 
and source memory. 
 
Topographical Recognition Memory Test (E8): Participants viewed a series of photographs of 
buildings and scenes, presented at a rate of 1 every 3 seconds and asked to say whether they 
thought the photograph had been taken by an amateur or a professional. This was immediately 
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followed by a recognition memory test in which participants viewed 3 photographs together, 1 
which they had seen previously 2 novel pictures which shared some of the characteristics of 
the original photograph; the same scene taken from a different angle, for example. 
Participants scored one point for each correctly identified photograph. 
 
Tests of Working Memory 
 Examination of working memory centred on two main processes: The ability to maintain and 
manipulate information in short term memory (digit and spatial span backwards) and the 
ability to divide attention between 2 tasks (Della Sala and Telephone Search Task with 
Distraction). 
 
Digit Span (Backwards) (E4): Strings of digits were read to participants at a rate of 1 digit per 
second and participants were required to respond with the same string in reverse order. Two 
trials were administered at each level (beginning at 2 digits). Participants were required to 
correctly reverse the digits on at least one of these trials before progressing to the next level. 
The test was terminated after failure of two successive trials at the same level, or once they 
had completed the two trials of 7 digits. 
 
Spatial Span (Backwards) (E4): Participants observed a sequence tapped on board containing 
an array of blocks. They were then asked to tap the blocks in the reverse of the order they had 
observed. Two trials were administered at each level (beginning with a sequence of 2).  
Participants were required to correctly tap the sequence in reverse order on at least one of 
these trails before progressing to the next level. The test was terminated after failure of two 
successive trials at the same level, or once they had completed two trials with a sequence of 9 
blocks. Inclusion of the forward digit and spatial span (E4) allowed us to determine whether 
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any deficit in the backward span was due to a working memory deficit or a basic attention 
deficit. 
 
Della Sala (E9): Participants’ maximum digit span was determined prior to completion of this 
test (E4). Participants were then presented with strings of digits at their maximum span, which 
they were asked to repeat for a period of 2 minutes. The number of correct spans and number 
attempted were noted. Participants then spent a period of 2 minutes crossing out 1 cm square 
boxes arranged in a trail on a sheet of paper. Finally, participants spent 2 minutes performing 
both tasks together. Dual task decrement was calculated as follows. Dual task decrement = 
(120 / dual task boxes) / (dual task digit span correct / digit span attempted) - (120 / single 
task boxes) / (single task digit span correct / digit span attempted). This score accounts for 
differences in allocation of attentional resources between the 2 tasks; some people may have a 
perfect score on the digit span but with slower performance when crossing out the boxes 
while others may make more errors and cross more boxes.  
 
Telephone Search Task with Distraction (E10): Participants were given the scenario that they 
were staying in a friends house on holiday and they needed to reach a plumber as the sink was 
leaking. They were asked to search through a telephone directory to find all the plumbers who 
have a matching pair of symbols before their number, as their work was guaranteed. 
Participants were told that they should complete the exercise as quickly, but also as accurately 
as possible and not to go back to check their work after completion. In the second part of this 
test, participants performed the telephone search task, this time looking for restaurants with 
the double symbols before their numbers and at the same time, they completed an auditory 
task (counting the number of intermittent tones presented to them by cassette recorder). Speed 
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of completion of the telephone search task was compared across the two trials, taking into 
account the accuracy of tone counting in the dual task condition. 
 
Tests of Attention 
Stroop (E11): Participants were required to read a list of 100 words, which were names of 
colours (red, green, blue) as quickly as possible with the trial ending after 45 seconds. 
Participants were instructed to begin again if they reached the end of the list before they were 
told to stop. They were then presented with a stimulus sheet, laid out in the same way as the 
word list, but containing lists of xxxx printed in one of three colours (red, green, blue). In the 
final trial, participants were presented with a word list as in the first trial, but with each word 
printed in a colour other than that described by the word (such as the word red, printed in 
green ink). Participants were required to state the ink colour of each word, ignoring the word 
itself. Performance is expressed as a measure of what participants should achieve based upon 
their performance on the basic word reading and colour naming components and is presented 
as a z score with mean of 50. 
 
Sustained Attention to Response Task (E12): Ability to maintain sustained attention was 
examined using a computerised task. Participants viewed a number (1-9), followed by a 
stimulus and a cue to respond. On this cue, participants were required to respond by hitting 
the space bar as quickly as possible. However, if they had just seen a 3, they were instructed 
not to respond but to wait for the next trial. Incorrect responses to target stimuli (errors of 
commission) were indicative of lapses in attention. 
 
Trail Making (E13): This test was administered in 2 parts. The basic attention component 
requires participants to connect circles in numerical order as quickly as possible, with the 
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second part requiring alternation between numbers and letters. The increased time taken to 
complete the second part of the test is the measure of interest. 
 
Sleep study 
All participants underwent one night of attended polysomnography (Jaeger sleep screen and 
Somno Medics) to determine the presence and severity of OSA. Measurements included 
central (C3-A2 and C4-A1) and occipital (O1-A2) electroencephalograms (EEG) placed 
according to the international 10-20 system (E14), left and right electrooculograms (EOG), 
submental electromyogram (EMG), anterior tibialis EMG (placed on one leg, for detection of 
periodic limb movements), heart rate monitoring, airflow (nasal cannula attached to a pressure 
transducer), respiratory effort bands and SaO2 (finger pulse oximetry). 
 
Sleep (E15) and arousals (E16) were scored according to standard rules. An apnoea was 
defined as complete cessation of airflow for at least 10 secs. Apnoeas were classified as 
obstructive if paradoxical thoroco-abdominal movements were present and central in the 
absence of discernable respiratory effort.  A hypopnoea was defined as a reduction in airflow 
to less than 50% from baseline for 10 seconds or more and associated with either an EEG 
arousal or a 4% desaturation in SaO2 from baseline. Severity of sleep disordered breathing 
was defined by the apnoea hypopnea index (AHI), and the 4% oxygen desaturation index 
(ODI) (E17).  
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Results 
 
Memory impairment and attention in OSA patients with possible mild depression 
We carried out an analysis to investigate whether mild depression was associated with 
memory impairment in our OSA patients. A cut off of 8 on the HADS depression scale was 
used to split the OSA patients into mildly depressed (n=18, mean (sd): 10 (2.0) HADS) and 
non-depressed patients (n=42, 3.7 (2.2) HADS). See Table 1 
 
Table 1 Group Characteristics 
 
Parameter Mildly depressed group (n=18) Non-depressed group (n=42) 
Age (yrs) 47.1 ± 8.0 53.0 ± 9.0 
BMI (kg/m2) 32 ± 6 30 ± 6 
AHI (events/hour) 33.0 ± 25.8 36.9 ± 31.1 
Epworth Sleepiness Score (x/24) 11.9 ± 5.8 11.2 ± 5.1 
Education (yrs) 14.0 ± 2.7 14.3 ± 3.0 
Caffeine intake (mg/day) 165 ± 159 207 ± 180 
Alcohol intake (units/ week) 5.7 ± 6.6 8.0 ± 7.2 
 
The groups were matched for OSA severity (AHI), BMI, years of education, caffeine and 
alcohol intake; however the non-depressed group were significantly older than the mildly 
depressed group. 
 
The test scores were compared using independent two sided t-tests (alpha=0.05), with equal 
variances not assumed. No significant differences were found between the scores of the 
mildly depressed and non-depressed patients on any of the test battery (Table 2). These 
support the notion that the relatively high HADS scores in a few of our OSA patients are the 
explanation for the differences in memory between OSA patients and controls. However, this 
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analysis needs to be interpreted with caution because the non-depressed group was older than 
the possible mildly depressed group. Plus the HADS score is a crude measurement of 
depression, and the cut off for mild depression is not well defined.  
 
Table 2 Results from selected memory tests 
 
Parameter Mildly depressed group (n=18) Non-depressed group 
(n=42) 
 p 
Semantic Fluency 94 (51-155) 107.5 (55-181) 0.21 
Della Sala  0.5 (-5.4-6.3) 0.61 (-2.2-8.2) 0.66 
Rey Figure Copy 34.0 (28-36) 35 (28-36) 0.42 
Rey Figure Recall 19.8 (6.0-26.0) 17.3 (2.0-36.0) 0.36 
Recognition of 
Scenes 
27 (18-30) 26 (13-30) 0.77 
 
Correlation between cognitive tests in OSA pateints 
Using Spearman’s rho we investigated the correlations between individual test performances. 
Using a threshold for statistical significance of p<0.01, and a minimum correlation coefficient 
(r) of ± 0.6 we detected correlations between: Semantic fluency and Phonemic fluency (r=0.7; 
p=0.000), Semantic fluency and Graded naming (r=0.73; p=0.000), Spatial span (forwards) 
and Spatial span (backwards) (r=0.71; p=0.000). 
 
These findings are not surprising, since the tests that were found to be correlated share some 
common neural pathways (E18) or use similar stimuli, as in the spatial span tests. We 
interperate these findings as support for our study design because the tests that are correlated, 
are also significant e.g. Spatial span (forwards) and Spatial span (backwards), or not 
significant e.g. Semantic fluency and Phonemic fluency; Semantic fluency and Graded 
naming.
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